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A semi empirical formula has been obtained to calculate the Mass stopping power (MSP) of
relativistic electrons in the energy range of 950 keVe1050 keV, for any material of atomic
number or Zeff ranging from 10e82. The MSP of 942 keV and 1016 keV internal conversion
electrons of Bi207 are obtained by allowing them to pass through the targets of atomic
numbers 13, 29, 47, 50, 79 and 82. The energies of the incident and transmitted electrons
are measured using a Si(Li) detector coupled to 8 K multi channel analyzer and the MSP has
been determined from the measured incident and transmitted energies. The resultant
variation of MSP with the atomic number of the material is plotted and best fitted to a first
order exponential equation. The results predicted by this semi empirical formula are
compared with the NIST-ESTAR database & Batra's formula and found to be in good
agreement. Application of this formula to calculate the MSP and effective atomic number
of any biological sample or compound is discussed.
Copyright © 2015, The Egyptian Society of Radiation Sciences and Applications. Production
and hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Mass stopping power is an essential ingredient of many fields
involving radiation. TheMSP values of electrons and positrons
in different absorbers are oftenly needed for many applica-
tions in nuclear spectroscopy, radiation dosimetery, surface
layer analysis, physics of organic scintillatiors and semi-
conductor detectors (Sigmund, 2006). The accuracy of stop-
ping power values used critically affects the calculations,
measurements and interpretation of experiments. Hence the
researches concerning the stopping power both experiment
and theoretical, has been the basic theme in the fields of
ionematter interactions for a long time.. Ramesh Babu).
gyptian Society of Radiat
iety of Radiation Sciences
cense (http://creativecomSurvey of literature reveals a variety of MSP formulas to
predict the experimental results in different energy regions of
electrons (Batra, 1987; Batra & Sehgal, 1973; Emfietzoglou &
Nikjoo, 2007; Fernandez-Varea, Salvat, Dingfelder, & Lilje-
quist, 2005; Jablonski, Tanuma, & Powell, 2006; Gumus, 2005,
2008; Gumus & Kabadayi, 2010; Pages, Bertel, Joffre, & Skla-
venitis, 1972; Pal, Varshney,&Gupta, 1986; Rohrlich&Carlson,
1954; Seltzer & Berger, 1982; Sugiyama, 1985; Tanuma, Powell,
& Penn, 2005). The analytical expression for MSP of charged
particle in matter is tedious, complicated and involves the use
of mean excitation and ionization energies. Further, as the
stopping of ions in matter cannot be calculated from the first
principles, hidden in stopping theories are parameters whichion Sciences and Applications.
and Applications. Production and hosting by Elsevier B.V. This is an
mons.org/licenses/by-nc-nd/4.0/).
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mental data. Even, the recent improvements using new de-
velopments in empirical techniques (Akar & Gumus, 2005;
Gumus, 2005; Oller et al., 2006; Pauling, 1960; Tanuma et al.,
2005; Verma, 2008, 2009) heavily depends on the insight
gained through close collaborations between theorists and
experimentalists of condensed matter. Thus, the experi-
mental study of interaction of electrons and positrons with
matter became more vital.
Several investigators (Faddegon, Ross, & Rogers, 1992; Feist
& Muller, 1989; Fregene, 1976; Goldwasser, Mills, & Hanson,
1952; Hall, Hanson, & Jamnik, 1959; Hereford, 1948;
MacPherson, 1984; Mikado & Tomimasu, 1983; Rogers &
Faddegon, 1992; Westmark, 1961) have measured the stop-
ping power of electrons in different absorbers at energies
greater than 5 MeV. But only few measurements are carried
out in the low energy region. Garc, Blanco, Carles, and
Malonda (2004) has measured the energy loss of low-energy
electrons in the range of 0.01e10 keV in toluene. Yang, Ng,
Ling, and Fung (2012) have measured the energy loss and en-
ergy straggling of monoenergetic positrons in the energy
range of 1e10 keV in carbon foils of various thicknesses using
parallel plate chamber. Their measured values were
compared and found to be in good agreement with the theo-
retical values predicted by ESTAR (Berger, Cousey, Zucker, &
Chung, 2005). So far, no measurement has been done in the
energy region of 950 keV to 1100 keV of relativistic electrons
where the MSP is fairly constant for all elements.
Our experimental setup is best suited for elemental foils of
uniform thickness. But many of elements are not available in
the form of foil. Hence, we measured MSP for easily available
metal foils of Al, Cu, Sn, Ag, Au and Pb and fitted it to a First
order Exponential Decay Curve (FEDC) to arrive at a semi
empirical formula. In order to compare it with the theoretical
values, we have plotted and fitted to FEDC, the variation of
MSP against Z predicted by NIST-ESTAR web data base and
Batra et al. formula.
Using the proposed semi-empirical formula the MSP of any
material of known atomic number can be had in the energy
region of lowest variation. Alternately, the MSP of any com-
posite material could be measured to determine its effective
atomic number accurately.Fig. 1 e Experimental arrangement: C1, Source collimator;
C2, Detector collimator; LV, Low voltage unit; HV, High
Voltage Unit; MCA, multichannel analyzer.2. Theoretical concepts
Theory of collision loss of electrons and positrons has been
developed bymany researchers (Berger, 1989; Seltzer& Berger,
1982). ESTAR (Berger et al., 2005) is a computer-readable web
database of NIST to generate the stopping power (Berger et al.,
1984) for any element, compound or mixture at any set of ki-
netic energies between 1 keV and 10 GeV. ESTAR calculates
the collisional stopping power from the theory of Bethe (1930),
with a density effect correction evaluated according to
Sternheimer (1956). Radiative stopping powers are evaluated
in ESTAR with a combination of theoretical Bremstrahlung
cross sections described by Seltzer and Berger (1985). Analyt-
ical formula using a high-energy approximation are used
above 50 MeV, accurate numerical results of Pratt et al. (1977)below 2 MeV and interpolation in the intermediate energy
region from 2 MeV to 50 MeV.
Out of many empirical formulas to predict the experi-
mental results in different energy regions of electrons, Batra's
empirical formula (Batra & Sehgal, 1973) stands the best and
simple over a wider range of electron's energy and atomic
number of thematerials to predict theMSPwithin an accuracy
of 4%. This formula for total MSP of the electron or positron of
kinetic energy from 0.3 MeV to 5.0 MeV shown as below is
derived using Rohrlich and Carlson (1954) formula.
MSP

MeVcm2

gm
 ¼ ðmZþ cÞ g
2
½gða±Zþb±Þ  1
where g represents the total energy of eþ or e in units of the
rest mass of electron. The values of the constants
aþ ¼ 0.0038, bþ ¼ 1.8402, a ¼ 0.0040 and b ¼ 1.8160. The
numerical value of the constants m and c depends on the
atomic number of the absorber, Z as given below:
m ¼ 0.0330 and c ¼ 1.3230 for 1  Z  10
m ¼ 0.0097 and c ¼ 1.0911 for 10  Z  36
m ¼ 0.0048 and c ¼ 0.9156 for 36  Z  923. Experimental details
The experimental arrangement used to measure the MSP of
the Bi207 IC electrons is as described below with its schematic
representation as in Fig. 1.
3.1. Bi207 internal conversion source
The Bi207 IC source is supplied by New England Nuclear and
marketed by Nuclear Enterprises private Ltd. The source is
electroplated on a platinum foil and encapsulated in stainless
steel of 1.52 cm outer diameter with 18.8 mg/cm2 thick
beryllium window to protect the source from spilling and
prevent the contamination. The decay scheme of Bi207 nucleus
is as shown in Fig. 2. It emits 481.699, 555.399, 975.699 and
1049.399 keV internal conversion electrons. After correcting
for the attenuation by the berylliumwindow of the source and
Fig. 2 e Decay scheme of Bi207 nucleus. Fig. 3 e Incident Bi207 spectrum with individual peak fitted
to EMG.
Fig. 4 e Calibration graph.
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energies of the emitted electrons will be 443.9821, 518.8410,
941.7412 and 1015.5587 keV respectively.
We have opted the Bi207 IC source as it emits wide ranges of
internal conversion electrons, all of which can be used
simultaneously for the MCA calibration under the same
environmental conditions to enhance the accuracy of the
calibration. Further, between the energies of IC peak-3 and 4
the MSP variation with the energy of incident radiation shows
a fairly constant and minimum value for all values of atomic
number.
3.2. The detector
The selection-grade NE Si(Li) detector used in this experiment
has 0.2 cm depletion area and 15 cm2 active area. A bias of
390 V is applied to the detector from HV-503.
3.3. The spectrometer
The output of the detector is connected to a charge sensitive
ORTEC preamplifier model no.142 of charge sensitivity 15 mV/
MeV (Si equivalent). The output of this preamplifier is coupled
to a delay line amplifier model no.460 & then to an 8 K
multichannel analyzer as shown in Fig. 1. The long term sta-
bility of the spectrometer is confirmed by constantly checking
the channel numbers corresponding to the peak positions
over the period of experiment.
3.4. The absorber
The absorbers are pure elemental foils obtained from Sigma-
eAldrich Inc. The absorbers are so chosen to cover a wider
range of atomic number in order to increase the accuracy of
the curve fitting. The absorber thicknesses were determined
using a travelling microscope and a sensitive balance. Uni-
formity in thickness of the samples is confirmed by acquiring
the spectrum transmitted through different regions of the
sample. The isotropies of the samples are checked by
acquiring the transmitted spectrum for different orientations
of the samples.3.5. Experimental setup
The absorber is placed between the two collimators C1 on the
source side and C2 on the detector side so that the IC electrons
passes through the absorber into the Si(Li) detector. The entire
assembly was placed in a light tight box. The acquisition time
is so chosen that the total count under each spectral peak is
greater than 10,000 which correspond to a counting error of
less than 1%.4. Procedure
4.1. MCA calibration
After confirming the long term stability of the instrument, the
incident spectrum with four peaks due to 443.9821, 518.8410,
941.7412 and 1015.5587 keV IC electrons is acquired by placing
the Bi207 in the source position, S without any absorber be-
tween the collimators, C1 and C2. All these 4 peaks are fitted to
four EMG to get the channel numbers corresponding to the
Fig. 5 e Spectrum of 942 keV IC electrons transmitted
through various elemental foils.
Fig. 6 e Spectrum of 1016 keV IC electrons transmitted
through various elemental foils.
Fig. 7 eMSP of 942 keV IC electrons as a function of atomic
number of the absorber.
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these four peak energies against their most probable channel
number called the calibration graph of the Si(Li) detector
spectrometer is as shown in Fig. 4. From this calibration graph,
the calibration constant was found to be (0.3166 ± 0.0016) keV/
channel.Table 1 e Measured and theoretical values of MSP for 942 keV
Z Sample Acquisition time (s) Thickness (mg/cm2) Tr
… Air 5000 4.38750
13 Al 5000 12.1068
29 Cu 7000 19.7993
47 Ag 7000 21.3145
50 Sn 8000 21.1933
79 Au 18,000 36.9770
82 Pb 12,000 16.83264.2. Transmitted spectra
After confirming the isotropy and thickness uniformity of the
absorbers, the transmitted spectra are obtained by keeping
the absorber in between the collimator C1 and C2 without
disturbing the set up. From the transmitted spectra, the most
probable energies of the IC electrons of energies 942 &
1016 keV are determined and used to evaluate their stopping
power in different absorber. Figs. 5 and 6 present the EMG-
fitted spectra of the IC electrons of energies 942 & 1016 keV
transmitted through Al, Cu, Sn, Ag, Au and Pb.4.3. Variation of MSP against atomic number of the
materials
From the Fig. 5, we notice that as atomic number of the
absorber increases, the energy of the 942 keV IC peak de-
creases and its FWHM increases. In Fig. 6 too we observe the
same trend for the 1016 keV IC electrons. The MSP of the
absorber is calculated from the difference between most
probable energy values of the transmitted and the incident
spectra. These MSP values are given in Table 1 and Fig. 7 as a
function of atomic number of the absorber. For the sake of
comparison, the MSP values predicted by ESTAR and Batra
et al. as a function of the atomic number of the absorber are
also shown. The above procedure is repeated for 1016 keV ICIC electron in different elemental foils.
ansmitted energy (keV) MSP(MeV-cm2/gm)
Measured Batra et al. ESTAR
940.0239 … … 1.6770
922.2268 1.4700 1.4671 1.4890
913.6236 1.3334 1.3337 1.3100
913.5896 1.2402 1.2450 1.2310
914.2316 1.2170 1.2379 1.2030
899.9556 1.0836 1.1428 1.1240
921.4458 1.1037 1.1300 1.1180
Table 2 e Measured and theoretical values of MSP for 1016 keV IC electron in different elemental foils.
Z Sample Acquisition time (s) Thickness (mg/cm2) Transmitted energy (keV) MSP(MeV-cm2/gm)
Measured Batra et al.. ESTAR
… Air 5000 4.3875 1016.7269 … … 1.6730
13 Al 5000 12.1068 998.9778 1.4660 1.4614 1.4850
29 Cu 7000 19.7993 990.0929 1.3452 1.3317 1.3090
47 Ag 7000 21.3145 990.5101 1.2300 1.2466 1.2330
50 Sn 8000 21.1933 990.9600 1.2158 1.2400 1.2060
79 Au 18,000 36.9770 975.0279 1.1277 1.1498 1.1300
82 Pb 12,000 16.8326 997.9956 1.1128 1.1373 1.1250
Fig. 8 e MSP of 1016 keV IC electrons as a function of
atomic number of the absorber.
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electron as a function of atomic number of the absorber.5. Results and discussion
Our initial intensionwas tomeasure theMSP for all the four IC
electrons of Bi207simultaneously. This procedure apart from
saving the time, also provide same experimental conditions of
measurement to eliminate the influence of environmental
factors. Unfortunately, we are unable to get reliable measure
of the MSP for 443.9821 and 518.8410 keV IC electrons, as their
intensities are too low in comparison to that of the Compton
electrons produced by the 570 keV photons over which theyTable 3 e Fit Parameters (FP) and Percentage Deviation (PD) of t
and 1016 keV internal conversion electrons of Bi207.
Energy (keV) FP Experimental Batra's formula ES
942 A0 0.87545 0.94171
942 A1 0.71684 0.71684
942 B 0.01478 0.01773
1016 A0 0.85545 0.96422
1016 A1 0.71684 0.71684
1016 B 0.01299 0.01924ride. Thus the presentworkwas restricted to 942 and 1016 keV
IC electrons, between which the MSP variation against the
incident energy of radiation is fairly constant andminimal for
all materials.
To overrule themisguidance in the results, the experiment
is performed after confirming the long term stability of the
instrument, the isotropy and thickness uniformity of the ab-
sorbers. Also each acquisition is repeated thrice to confirm the
repeatability of the experimental result.
Our experimental results show that the variation of MSP
with Z follows FEDC, like any other natural processes does.
Hencewe fitted our experimental results to a FEDC of the form
A0 þ A1eBZ and obtained the values of fit parameters A0, A1
and B as 0.87545, 0.71684, 0.01478 for 942 keV and 0.85545,
0.71684, 0.01299 for 1016 keV respectively. The resultant for-
mula being semi empirical can be used with confidence to
predict theMSP of anymaterial of atomic number greater than
10 at the specified electron's energy. Alternately, bymeasuring
the MSP of any unknown material, its atomic number can be
determined. This application is more useful in determining
the effective atomic number of any composite material for the
specified radiation interaction.
NIST-ESTAR values of all the elements from Z ¼ 10 to 82 at
the specified energies are downloaded, from the NIST-ESTAR
website, plotted against their Z and fitted to FEDC as above
to get the fit parameters A0, A1 and B as 0.86930, 0.71684,
0.01414 for 942 keV and 0.85554, 0.71684, 0.01312 for 1016 keV
respectively.We did not include theMSP values of elements of
Z < 10, as they show a larger and irregular deviation from the
FEDC.
TheMSP values for elements of atomic number fromZ¼ 10
to 82 for the electron energies of 942 and 1016 keV are also
calculated using the Batra et al. formula. These values of MSP
are plotted against their Z and fitted to FEDC as above to getheoretical values from the experimental values for 942 keV
TAR program PD from experimental values of
NIST (fitted) Batra (fitted)
0.86930 Maximum 0.2180 1.8336
0.71684 Minimum 0.5523 4.8285
0.01414 Mean 0.3907 2.4416
0.85554 Maximum 0.2536 0.5843
0.71684 Minimum 0.0728 7.0630
0.01312 Mean 0.2128 1.8964
Table 4 e Comparison of experimentally fitted MSP values computed using our Semi Empirical Formula (SEF), A0þ A1e¡BZ
with that predicted by NIST-ESTAR & Batra's formula.
Z Element MSP (MeV-cm2/gm) for 942 keV MSP (MeV-cm2/gm) for 1016 keV
NIST ESTAR SEF, A0 þ A1eBZ Batra's formula NIST ESTAR SEF, A0 þ A1eBZ Batra's formula
10 Ne 1.4916 1.4938 1.5421 1.4842 1.4850 1.5556
11 Na 1.4829 1.4847 1.5315 1.4760 1.4768 1.5443
12 Mg 1.4743 1.4758 1.5212 1.4680 1.4688 1.5333
13 Al 1.4658 1.4670 1.5110 1.4600 1.4609 1.5224
14 Si 1.4574 1.4583 1.5010 1.4521 1.4531 1.5118
15 P 1.4491 1.4498 1.4912 1.4443 1.4454 1.5014
16 S 1.4410 1.4413 1.4815 1.4366 1.4378 1.4911
17 Cl 1.4330 1.4330 1.4720 1.4291 1.4303 1.4811
18 Ar 1.4251 1.4248 1.4627 1.4216 1.4228 1.4712
19 K 1.4173 1.4168 1.4535 1.4142 1.4155 1.4616
20 Ca 1.4096 1.4088 1.4445 1.4069 1.4083 1.4521
21 Sc 1.4020 1.4010 1.4357 1.3997 1.4011 1.4428
22 Ti 1.3945 1.3933 1.4270 1.3927 1.3941 1.4337
23 V 1.3871 1.3857 1.4185 1.3857 1.3872 1.4247
24 Cr 1.3799 1.3782 1.4101 1.3787 1.3803 1.4160
25 Mn 1.3727 1.3708 1.4019 1.3719 1.3735 1.4073
26 Fe 1.3656 1.3636 1.3938 1.3652 1.3668 1.3989
27 Co 1.3586 1.3564 1.3859 1.3586 1.3602 1.3906
28 Ni 1.3518 1.3494 1.3780 1.3520 1.3537 1.3825
29 Cu 1.3450 1.3424 1.3704 1.3455 1.3473 1.3745
30 Zn 1.3383 1.3356 1.3628 1.3391 1.3409 1.3667
31 Ga 1.3317 1.3288 1.3554 1.3328 1.3347 1.3590
32 Ge 1.3252 1.3222 1.3482 1.3266 1.3285 1.3515
33 As 1.3188 1.3156 1.3410 1.3205 1.3224 1.3441
34 Se 1.3125 1.3091 1.3340 1.3144 1.3164 1.3369
35 Br 1.3063 1.3028 1.3271 1.3084 1.3104 1.3298
36 Kr 1.3002 1.2965 1.3203 1.3025 1.3045 1.3228
37 Rb 1.2941 1.2903 1.3137 1.2967 1.2987 1.3160
38 Sr 1.2882 1.2842 1.3072 1.2910 1.2930 1.3093
39 Y 1.2823 1.2782 1.3007 1.2853 1.2874 1.3027
40 Zr 1.2765 1.2723 1.2944 1.2797 1.2818 1.2963
41 Nb 1.2708 1.2665 1.2882 1.2741 1.2763 1.2899
42 Mo 1.2651 1.2608 1.2821 1.2687 1.2709 1.2837
43 Tc 1.2596 1.2551 1.2762 1.2633 1.2655 1.2776
44 Ru 1.2541 1.2496 1.2703 1.2580 1.2602 1.2717
45 Rh 1.2487 1.2441 1.2645 1.2527 1.2550 1.2658
46 Pd 1.2434 1.2387 1.2588 1.2476 1.2498 1.2601
47 Ag 1.2381 1.2333 1.2533 1.2425 1.2447 1.2544
48 Cd 1.2329 1.2281 1.2478 1.2374 1.2397 1.2489
49 In 1.2278 1.2229 1.2424 1.2324 1.2348 1.2435
50 Sn 1.2228 1.2178 1.2371 1.2275 1.2299 1.2381
51 Sb 1.2178 1.2128 1.2319 1.2227 1.2250 1.2329
52 Te 1.2129 1.2078 1.2268 1.2179 1.2203 1.2278
53 I 1.2081 1.2030 1.2218 1.2132 1.2156 1.2228
54 Xe 1.2034 1.1982 1.2169 1.2085 1.2109 1.2179
55 Cs 1.1987 1.1934 1.2121 1.2039 1.2063 1.2130
56 Ba 1.1940 1.1888 1.2073 1.1994 1.2018 1.2083
57 La 1.1895 1.1842 1.2026 1.1949 1.1973 1.2036
58 Ce 1.1850 1.1796 1.1981 1.1905 1.1929 1.1991
59 Pr 1.1805 1.1752 1.1935 1.1861 1.1885 1.1946
60 Nd 1.1762 1.1708 1.1891 1.1818 1.1843 1.1902
61 Pm 1.1719 1.1664 1.1848 1.1775 1.1800 1.1859
62 Sm 1.1676 1.1622 1.1805 1.1733 1.1758 1.1817
63 Eu 1.1634 1.1580 1.1763 1.1692 1.1717 1.1775
64 Gd 1.1593 1.1538 1.1722 1.1651 1.1676 1.1735
65 Tb 1.1552 1.1497 1.1681 1.1611 1.1636 1.1695
66 Dy 1.1512 1.1457 1.1642 1.1571 1.1596 1.1656
67 Ho 1.1473 1.1417 1.1602 1.1532 1.1557 1.1617
68 Er 1.1434 1.1378 1.1564 1.1493 1.1518 1.1580
69 Tm 1.1395 1.1340 1.1526 1.1455 1.1480 1.1543
70 Yb 1.1357 1.1302 1.1489 1.1417 1.1442 1.1506
71 Lu 1.1320 1.1265 1.1453 1.1379 1.1405 1.1471
72 Hf 1.1283 1.1228 1.1417 1.1343 1.1368 1.1436
(continued on next page)
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Table 4 e (continued )
Z Element MSP (MeV-cm2/gm) for 942 keV MSP (MeV-cm2/gm) for 1016 keV
NIST ESTAR SEF, A0 þ A1eBZ Batra's formula NIST ESTAR SEF, A0 þ A1eBZ Batra's formula
73 Ta 1.1246 1.1191 1.1382 1.1306 1.1332 1.1402
74 W 1.1211 1.1156 1.1347 1.1270 1.1296 1.1368
75 Re 1.1175 1.1120 1.1313 1.1235 1.1260 1.1336
76 Os 1.1140 1.1086 1.1280 1.1200 1.1225 1.1303
77 Ir 1.1106 1.1052 1.1247 1.1166 1.1191 1.1272
78 Pt 1.1072 1.1018 1.1215 1.1132 1.1157 1.1241
79 Au 1.1039 1.0985 1.1184 1.1098 1.1123 1.1210
80 Hg 1.1006 1.0952 1.1153 1.1065 1.1090 1.1180
81 Tl 1.0973 1.0920 1.1122 1.1032 1.1058 1.1151
82 Pb 1.0941 1.0888 1.1092 1.1000 1.1025 1.1122
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942 keV and 0.96422, 0.71684, 0.01924 for 1016 keV respec-
tively. Here too we did not include the MSP values of the ele-
ments of Z < 10 as their formula itself involves different fitting
parameters for Z  10.
The FEDC fitted variation of MSP against the atomic num-
ber of the material predicted by the experiment, NIST-ESTAR
database and Batra's formula for the electron energies of 942
and 1016 keV are presented in Figs. 7 and 8 respectively. The
corresponding fit parameters are as shown in Table 3. The
maximum,minimum andmean deviation of NIST and BATRA
fitted values from the experimental values at the specified
energies are also shown in this table.
From the graphs-7 and 8, we could observe that the MSP
values predicted by NIST-ESTAR agrees well with experi-
mental value within 0.3907% for 942 keV and 0.2128% for
1016 keV. MSP values predicted by Batra's formula over-
estimates the experimental values by 2.4416% at 942 keV and
1.8964% at 1016 keV, which are in fact well within 4% claimed
by them. This may be due to the distortion introduced by the
differential fitting conditions used by them for 1  Z  10 and
36  Z  92.
Table 4 shows the MSP values of all elements of atomic
number between 10 and 82 for electrons energies of 942 keV
and 1016 keV computed using the equations fitted to the
experimental data, NIST-ESTAR values and values got using
Batra's formula.6. Conclusion
We havemeasured the MSP of 942 keV and 1016 keV electrons
in different absorbers of atomic number ranging from 13 to 82
using Si(Li) detector spectrometer. The experimental MSP
values are plotted against their atomic number and well fitted
to a FEDC of the form A0 þ A1eBZ with fit parameters of A0, A1
and B as 0.87545, 0.71684, 0.01478 for 942 keV and 0.85545,
0.71684, 0.01299 for 1016 keV. In order to compare the exper-
imental value and theoretical values, the MSP values down-
loaded from NIST-ESTAR website and that computed using
Batra's formula are also plotted and fitted to FEDC.
The MSP of all elements of atomic number from 10 to 82
are computed using these three fitted equations and pre-
sented in the Table 4 for the electron energies of 942 keV and1016 keV. From this table, we observe a mean deviation of
NIST value by 0.3907% for 942 keV and 0.2128% for 1016 keV.
Batra's formula overestimates the experimental values by
2.4416% at 942 keV and 1.8964% at 1016 keV, and these de-
viations are explained as due to the distortion introduced by
the differential fitting conditions used by them for 1  Z  10
and 36  Z  92.
Our formula being semi empirical, can be used with con-
fidence to predict the MSP of any material of atomic number
between 10 and 82 at an electron energy of 942 and 1016 keV
between which the change MSP dependence on the energy of
radiation is negligible for all values of Z. An important appli-
cation of our formula is the accurate estimation of effective
atomic number of any composite material by measuring its
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